Strains formerly classified as the aerogenic (gas-producing) biogroup of Vibrio fluvialis were shown by DNA 
Strains of the organism now classified as Vibriofluvialis were first described by Furniss et al. in 1977 (8) . Their organisms, designated group F, were isolated in 1975 from a patient with diarrhea in Bahrain, from patients with diarrhea in Bangladesh, and from shellfish and estuarine waters in England. Group F required salt and had a number of properties compatible with or midway between those of vibrios and aeromonads. In a numerical taxonomic study, Lee et al. showed that six group F strains were a distinct phenon that probably represented a new species (13) and that the group contained two subgroups on the basis of gas production during fermentation of glucose (14 82, 1977 ) studied a large number of strains associated with an outbreak of diarrhea in Bangladesh as well as strains isolated from patients with diarrhea in Indonesia, strains from sewage in Brazil, and U.S. strains that had been called group in the Special Bacterial Reference Activity at the Centers for Disease Control, Atlanta, Ga. By both phenotypic tests and DNA relatedness, they found that the organism was closer to the genus Vibrio than to the genus Aeromonas. All of their strains produced no gas from the fermentation of glucose (were anaerogenic) and formed a single DNA relatedness group (A. G. Steigerwalt and D. J. Brenner, unpublished data). Thus, the EF-6 group appeared to be identical to group F.
Group F strains isolated from several parts of the world were compared phenotypically and genetically by Seidler et al. (16) . They confirmed and extended the observation that group F was more closely related to Vibrio than to Aeromonas. They further showed that the aerogenic group F strains were in a different DNA relatedness group from the anaerogenic strains, and they recommended that the two biogroups be considered as two separate species within the genus Vibrio.
Lee et al. (15) proposed the name V. fluvialis, which included both aerogenic and anaerogenic strains of group F and the synonymous group EF-6. An anaerogenic strain was chosen as the type strain of V. fluvialis. These authors noted that both aerogenic and anaerogenic strains of V. fluvialis were found in the environment but that only anaerogenic strains had been isolated from humans with diarrhea (15) .
We now confirm the evidence that the aerogenic strains of group F are a species separate from V. fluvialis. In this paper, we name the new species Vibrio furnissii. Information on the isolation of V. furnissii from humans with acute gastroenteritis is given, and its possible causative role is discussed.
MATERIALS AND METHODS
Bacterial strains. The 17 V. fluvialis strains and 4 V. furnissii strains used in DNA relatedness studies and their sources are listed in Table 1 . Also listed are the type and reference strains of other Vibrionaceae used in the DNA relatedness studies. Biochemical tests were done on a total of 24 V. fluvialis and 7 V. furnissii strains. The three V. furnissii strains not listed in Table   1 are 1273-78, isolated from a human diarrheal stool specimen in Indonesia and sent by S. W. Joseph; 9550-78(VL2386), isolated from river water in England and sent by J. V. Lee; and 292-80, isolated from the stool of a healthy woman in Lima, Peru, and sent by J. M. Guevara. The growth and maintenance of strains have been described (10) .
Media and biochemical and other tests. Media used in carbohydrate fermentation and several other standard tests contained 0.5% NaCl. Media that did not contain NaCl were supplemented with 1% NaCI. These were methyl red, Voges-Proskauer, M0ller L-Iysine, L-arginine, and L-ornithine, gelatin, esculin broth, nitrate, and nutrient agar. Peptone water and heart infusion broth used to test for indole production contained 0.5% NaCl and were supplemented with 0.5% NaCl to bring the final concentration to 1%. All tests in the standard biochemical test set used for Vibrionaceae in the Enteric Reference Laboratory (formerly the Enteric Section) of the Enteric Bacteriology Section at the Centers for Disease Control were done on all strains. The media and test procedures used have been described (7, (9) (10) (11) . Antibiograms were done by the disk method of Bauer et al. as previously described (10) .
DNA methods. Guanine-plus-cytosine determinations, the preparation and labeling of DNA, and DNA relatedness experiments assayed on hydroxyapatite with 32PO4 were done as described previously (1, 10) .
Relatedness was expressed as the relative binding ratio (RBR) and as divergence (D) (see Tables 2 and 3 (Table 5) . Positive reactions for growth in KCN, M0ller L-arginine dihydrolase, gas production from D-glucose, acid from D-arabitol, L-arabinose, maltose, and D-mannitol, and negative reactions for indole, VogesProskauer, and M0ller lysine and ornithine decarboxylases were helpful in differentiating V. furnissii from other Vibrio species (Table 5) . Antibiotic susceptibility tests. The results of disk susceptibility tests for V. furnissii and V. fluvialis are given in Table 6 . Both species had similar susceptibility patterns for all antibiotics. DISCUSSION Lee et al. (15) described two biogroups within V. fluvialis. Their group I, represented by the type strain, was composed of strains that were all anaerogenic and most of which hydrolyzed esculin (72%), grew on citrulline (97%), glucuronate (94%), and usually cellobiose (63%) but usually not on putrescine (31%) and never on delta-amino-valerate. Their group II contained strains that were aerogenic (89%), did not hydrolyze esculin (0%), did not grow on citrulline (4%), glucuronate (7%), or cellobiose (4%), but did grow on putrescine (100%) and usually grew on delta-amino-valerate (63%).
Seidler et al. (16) showed that DNAs from five aerogenic "V. fluvialis" strains were 86% or more interrelated in reassociation reactions done at a stringent (75°C) incubation temperature. At the same stringent condition, 14 anaerogenic V. fluvialis strains were 85 to 100%o interrelated. Relatedness between members of these two groups was 29 to 57%. In this study ( Relatedness between the anaerogenic and the aerogenic strains was 40 to 64% with 5.0 to 8.0% D in related sequences. At the stringent incubation temperature, relatedness between these groups was 29 to 51%. This level of relatedness indicates two separate species.
Since the type strain of V. fluvialis, NCTC 11327 (CDC 9555-78), is anaerogenic, the anaerogenic strains remain as V. fluvialis. The new species name, V. furnissii, was therefore coined for the anaerogenic strains.
Three of Lee's group II strains did not produce gas (15) . These were classified in group II on the bases of negative reactions for esculin hydrolysis, growth on cellobiose, glucuronate, and citrulline, and a positive reaction for growth on putrescine. The substrate utilization tests were not done in our study. Therefore, we could not identify such strains phenotypically. It remains to be seen whether these "anaerogenic group II" strains are V. furnissii, V. fluvialis, or a third species.
All strains of V. furnissii and 75% of V. fluvialis strains were esculin negative with our test (Table 4) . Lee et al. (15) found 72% of V. fluvialis strains to be esculin positive. Esculin broth was used in both studies, but the formulations differed somewhat. We used the formulation of Vaughn and Levine, as cited in Edwards and Ewing (7), to which 1% NaCl was added. In this method, 3 g of esculin and 0.5 g of ferric citrate were added to a solution of 5 g of peptone, 1 g of dibasic potassium phosphate, 10 ml of Andrade indicator, and 1,000 ml of distilled water, and the solution was heated to dissolve the ferric citrate and autoclaved. Lee et al. used the method cited by Cowan (6) , in which 1 g of esculin and 0.5 g offerric citrate are dissolved in 1,000 ml of peptone water (10 g of peptone, 5 g of NaCl, and 1,000 ml of tap water, adjusted to pH 8.0 to 8.4, boiled 10 min, filtered, adjusted to pH 7.2 to 7.4, and autoclaved). These differences in the formulation of esculin broth may have been responsible for the different results obtained in the two studies. Another biochemical test difference between the two laboratories was growth in the absence of NaCl (0% in our study, positive or negative in the study of Lee).
Several differences were seen in biochemical results obtained in our study and of Seidler et al. positive for ONPG (o-nitrophenyl-p-D-galactopyranoside), usually positive for indole production and Voges-Proskauer, and negative for Lrhamnose. In our study, strains of both species were less than 60% positive for ONPG, V. fluvialis was 4% positive and V. furnissii 14% positive for indole, both species were 0% positive for Voges-Proskauer, and 57% of V. furnissii were positive for L-rhamnose ( V. furnissii is a gram-negative, straight to slightly curved rod that is motile by means of polar flagella. It is an NaCl-requiring, oxidasepositive, nitrate-positive organism that ferments D-glucose and other carbohydrates with the production of acid and gas, has 50 mol% guanine plus cytosine in its DNA, and is isolated from water, animal feces, and human feces. (Table 5 ). With the proposal of V. furnissii, the description of V. fluvialis should be restricted to only those anaerogenic strains with the characteristics given in Table 4 and given by Lee et al. for their anaerogenic biogroup I (15) .
Some useful reactions to differentiate V. furnissii from other salt-requiring vibrios isolated from humans are listed in Table 5 . Its distinctive reactions include gas from D-glucose, fermentation of D-arabitol, L-arabinose, and D-mannitol, positive M0ller L-arginine dihydrolase reaction, and negative reactions for Voges-Proskauer, VOL. 18, 1983 on October 26, 2017 by guest http://jcm.asm.org/
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M0ller L-lysine and L-ornithine decarboxylases, and lactose fermentation.
Epidemiology. It was first thought that only V. fluvialis (anaerogenic strains) was isolated from human stools. V. furnissii was isolated from water and from animal stools, but not from human stools (15) . One exception was a V. furnissii strain isolated from a human diarrheal stool in Indonesia (16) . In Japan, however, most human isolates were aerogenic (V. furnissii, R. Sakazaki, personal communication).
While investigating the history of the V. furnissii type strain, we found that V. furnissii had been isolated during the investigation of three outbreaks of acute gastroenteritis in American tourists returning from the Orient in 1969 (2-5; R. E. Weaver and D. G. Hollis, unpublished data). In the first outbreak, in May 1969, a flight from Tokyo to Seattle made an emergency stop in Alaska because 23 of 42 elderly passengers developed gastroenteritis (2, 3) . One woman died, and two other persons required hospitalization. The symptoms were diarrhea (91%), abdominal cramps (79%), nausea (65%), and vomiting (39%). There were no reports of fever, and 50% of the patients had recovered within 12 h. Food histories implied that a shrimp and crab salad or a cocktail sauce or both served on the plane was the cause of illness. The onset of illness was between 5 and 20 h. A second outbreak affected 24 of 59 people returning to Boston from Hong Kong (4, 5) . Nine people were hospitalized en route in Chicago. They had diarrhea and abdominal cramps (100%), nausea (89%), and vomiting (78%). The other 15 ill travelers had similar symptoms of lesser severity. The illness was self-limiting and lasted less that 24 h. A food vehicle was not found. In the third outbreadk (4, 5) . Five passengers on a flight between Tokyo and Seattle became ill and requested medical attention. Subsequent questioning revealed that at least 67 people became ill in an 11-day period with symptoms of diarrhea (77%), nausea (37%), vomiting (26%), and abdominal cramps (26%). No single meal or common vehicle was implicated.
In the first outbreak, V. furnissii was recovered from seven stool specimens, two of which also contained Vibrio parahaemolyticus (R. E. Weaver and D. G. Hollis, unpublished data). V. parahemolyticus (5 isolates), Aeromonas shigelloides (9 isolates), salmonellae (5 isolates), and noncholera vibrios (14 isolates) were recovered from fecal specimens in the second outbreak (5) . Of the noncholera vibrios, one was V. cholerae non-Ol, one was V. fluvialis, and at least five were V. furnissii (R. E. Weaver and D. G. Hollis, unpublished data). V. parahaemolyticus (five isolates), noncholera vibrios (eight isolates), salmonellae (six isolates), A. shigelloides (one isolate), and Shigella flexneri (one isolate) were isolated from persons in the third outbreak (4, 5) . It is not known whether any of these noncholera vibrios were V. furnissii. The role of V. furnissii as a cause of diarrhea may be similar to that for V. fluvialis. V. fluvialis was first thought to be nonpathogenic. It was then associated with diarrheal outbreaks in Bangladesh and Indonesia, and a fatal case was just reported in the United States (17) . Clearly, V. furnissii has been isolated from human cases of gastroenteritis. Future studies will be required to determine whether it is a causative agent.
